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(54) ALIGNER 
(57)Abstract: 

PURPOSE: To obtain an aligner capable of obtaining a high contrast 
image of a fine pattern. 

CONSTITUTION: An illumination optical system 4 is preferably 
constituted as ring belt illumination wherein the central part of a light 
source is shielded, and transparently illuminates a photo mask 1 in which 
a pattern is formed, with exposure light having a specified wavelength. A 
projection optical system 2 is installed below the photo mask 1 . On the 
pupil surface of the projection optical system 2, a polarization member 5 
is arranged, which transmits only the light whose electric vector 
oscillates in the direction parallel to the sides of the pattern of the 
photo mask 1 . Diffracted light generated by transparently illuminating the 
photo mask 1 is collected by the projection optical system 2, and 
converted into a TE polarization light wherein oscillation direction of the 
electric vector is uniform, by the polarization member 5, thereby forming 
a pattern image on an image surface 3. 
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(54) [Title of Invention] ALIGNER 



(57) [Abstract] 

[Problem] The invention seeks to provide an aligner capable of obtaining a high- 
contrast image of a fine pattern. 

[Solution] An illumination optical system 4 is preferably constructed as ring 
beltannular illumination wherein the central pat of a light source is shielded, and 
transparently illuminates a photo mask 1 in which a pattern is formed with exposure light 
having a specified wavelength. A projection optical system 2 is installed below the 
photo mask 1. On the pupil surfacepupil plane of the projection optical system 2, a 
polarization member 5 is arranged, which transmits only the light of which an electric 
vector oscillates in a direction parallel to sides of the pattern of the photo mask 1. 
Diffracted light generated by transparently illuminating the photo mask is collected by 
the projection optical system 2, and converted into a TE polarization light in which the 
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oscillation direction of an electric vector is uniform by the polarization member 5, so that 
a pattern image is formed on an image surface 3. 



Figs. 1(a) and 1(b) 



2 



JPH05-090128 



[Claims] 

[Claim 1] An aligner having a projection optical system that projects a pattern 
on a photo mask, the aligner comprising a polarization member, arranged approximately 
on a pupil surfacepupil plane of the projection optical system, for transmitting light of 
which an electric vector oscillates in a direction parallel to sides of the pattern. 

[Claim 2] The aligner of claim 1, wherein the polarization member transmits 
only the light of which the electric vector oscillates in a direction of a tangent line of a 
circle centering around an optical axis of the projection optical system. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an aligner used to transfer an image of a circuit 
pattern formed on a photo mask onto a wafer surface in a lithography process for 
manufacturing semiconductor devices. 

[0002] 
[Prior Art] 

In a lithography process for manufacturing semiconductor devices, generally used 
aligner has the construction as illustrated in FIG. 3. In the drawing, a photo mask 21 is 
horizontally maintained to be transverse to an optical axis of an illumination optical 
system 24, and is transparently illuminated by an exposure light having a specified 
wavelength emitted from the illumination optical system 24. The photo mask 21 having 
been conventionally used has the structure in which a shield pattern made of metal such 
as chrome and so on is formed on a transparent substrate, and is transparently illuminated 
to generate diffracted light according to the shape of the pattern. The diffracted light is 
collected again on an image surface 23 by a projection optical system 22, and this causes 
a pattern image of the photo mask 21 to be transferred onto a wafer surface maintained to 
be in accord with an image forming surface. In this case, since a polarization member is 
not included in the projection optical system of the conventional aligner, the light 
collected on the image surface 23 is in a state that no polarization characteristic exists, 
i.e., in an average state of TE (Transverse Electric) polarization (to be described later) 
and TM (Transverse Magnetic) polarization. 

[0003] 

[Problem to be Solved by the Invention] 



3 



JPH05-090128 



With the conventional aligner as described above, however, it is impossible to 
cope with a fine circuit pattern according to the high density integration of a 
semiconductor device, and there exists a need for the development of technology that 
makes it possible to form a high-contrast image of a fine pattern. As methods for 
heightening the contrast on a pattern, several phase shift methods have recently been 
proposed, which perform projection exposure using a phase shift mask having a phase 
shift part installed in a specified place of a light transmission part of a photo mask to 
change the phase of a transmitted light. For example, Japanese Patent Laid-open No. 
Sho 62-50811 discloses a technique related to a spatial frequency modulation type phase 
shift mask. This technique forms a pattern image using phase information of light in 
addition to amplitude information of the light. For example, this technique achieves 
somewhat improvement of the image forming performance in comparison to a method 
that used a photo mask composed of a light transmission part (e.g., naked surface part of 
a substrate) and a light shield part only. 

[0004] 

However, this phase shift method itself has limitations, and fails to provide a 
satisfactory high-contrast image of the fine pattern. The present invention has been 
developed in order to substantially solve the above and other problems associated with 
the conventional arrangement. An object of the present invention is to provide an 
aligner which can realize a high-resolution, high-contrast image forming performance 
using third information except for the amplitude and the phase of light and thus can make 
it possible to seek a new development of the photolithography technology. 

[0005] 

[Means for Solving the Problem] 

An aligner according to the present invention is provided with a projection optical 
system that projects a pattern onto a photo mask, and in order to solve the above- 
described problems, it comprises a polarization member arranged approximately on a 
pupil surfacepupil plane of the projection optical system to transmit light of which an 
electric vector oscillates in a direction parallel to sides of the pattern. 

[0006] 

Specifically, the polarization member preferably used in the present invention 
transmits only the light of which the electric vector oscillates in a direction of a tangent 
line of a circle centering around an optical axis of the projection optical system. 
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[0007] 
[Effects] 

Referring to FIG. 2, the effect of the present invention will be described. FIG. 2 
is a view schematically illustrating the shape of a diffracted light in the neighborhood of 
an image surface 23 of the aligner as described above with reference to FIG. 3. First, 
FIG. 2(a) shows a light state called a TE (Transverse Electric) polarization that 
corresponds to the light of which the oscillation direction of an electric vector is 
transverse to an incident surface (e.g., an inner surface of the sheet). On the other hand, 
FIG. 2(b) shows a light state called a TM (Transverse Magnetic) polarization that 
corresponds to the light of which the oscillation direction of a magnetic vector is 
transverse to an incident surface, in other words, of which the oscillation direction of the 
electric vector is inside the incident surface. In a conventional device provided with a 
projection optical system that does not include a polarization member, an image is 
formed by the light in an average state of the TE polarization as shown in FIG. 2(a) and 
the TM polarization as shown in FIG. 2(b). However, since the photochemical reaction 
of a photosensitive material such as photoresist is performed by the effect of electric field 
of the light that is an electromagnetic wave, the oscillation direction of the electric vector 
may cause 

[0008] 

As can be seen from Figs. 2(a) and 2(b), in the case of TE polarization, the 
oscillation directions of electric vectors of respective diffracted lights of the 0 th degree, 
±l st degree, and so forth, are arranged to be transverse to the sheet, the interference effect 
among the diffracted lights becomes maximum, and thus a high-contrast image is formed. 
In the case of TM polarization, the oscillation directions of electric vectors of diffracted 
lights having different degrees deviate from one another depending on the angles formed 
by the propagating directions of the respective diffracted lights, the interference effect 
among the diffracted lights deteriorates, and thus the contrast of the image is degraded. 

[0009] 

In the present invention, since the polarization member is arranged approximately 
on a pupil surfacepupil plane of the projection optical system to transmit only the light of 
which an electric vector oscillates in a direction parallel to sides of the pattern formed on 
the photo mask, the diffracted light in a non-polarized state, being generated from the 
photo mask, is converted into the TE polarization having an oscillation surface that is 
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transverse to the plane (i.e., incident surface) forming the diffraction angle, and thus an 
image having a high contrast can be obtained. 
[0010] 

Here, since the arrangement direction of an actual circuit pattern formed on the 
photo mask may differ and the circuit pattern may include an isolated pattern such as a 
hole pattern in addition to a line-and-space pattern repeating in a specified period, it is 
preferable to use the polarization member that transmits only the light of which the 
electric vector oscillates in the direction of the tangent line of a circle centering around 
the optical axis of the projection optical system. Using this polarization member, only 
the light of which the electric vector oscillates in the direction parallel to the sides of the 
pattern can be transmitted through the polarization member irrespective of the 
arrangement direction of the pattern. 

[0011] 

On the other hand, for easier understanding of the description, it is assumed that 
the line-and-space pattern (i.e., the pattern in which the light shield part and the light 
transmission part are alternately repeated with the same width) extending in a direction 
transverse to the sheet is formed on the photo mask 21, and the pattern image is formed 
by the 0 th and ±l st degree diffracted lights among the diffracted lights from the photo 
mask 21. In this case, the 0 th degree diffracted light has an amplitude of 1/2, and the 
±l st degree diffracted light has an amplitude of l/7t. 

[0012] 

As shown in FIG. 2, if it is assumed that x (i.e., left/right direction on the sheet), y 
(i.e., vertical direction on the sheet) and z (i.e., upward/downward direction on the sheet) 
coordinate axes are set, the direction cosine of the 0 th degree diffracted light is set to 
(0, 0, 1) , the direction cosine of the + l st degree diffracted light is set to (±a, 0, y) , and the 
waves (vector amount) of the 0 th and ±l st degree diffracted lights are denoted as T 0 and 
*F ±1 , the waves of the respective diffracted lights in the case of TE polarization are 
expressed as in Equations (1) to (3). In the equations, k is an integer (=27tA.). 

[0013] 

[Expression 1] 

"0" 

?* (0 * +0 ' +U) (Equation 1) 
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(Equation 2) 



e ,*(- a x + o^ ) (Equation 3) 



[0014] 

The wave field OF^) obtained by adding the waves 
+l st degree diffracted lights is expressed in Equation (4), and the strength distribution 
Ite (*» z ) = f¥\ 2 is expressed in Equation (5). 

[0015] 

[Expression 2] 

~0] 

1 ^L e ikz + le**^**" + ex"**)] (Equation 4) 



I t K[x,z) = — + — cos(&cec)» cos{fc(l - y)z}+ -^-cos 2 (kax) (Equation 5) 

4 71 7t 

[0016] 

On the other hand, in the case of TM polarization, the waves of the respective 
diffracted lights are expressed in Equations (6) to (8). 
[0017] 

[Expression 3] 
T 

0 e ik2 (Equation 6) 

0 



<f>0= 



(Equation 7) 
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. (Equation 8) 



[0018] 

The wave field (^F^) obtained by adding the waves (Y 0 , T ±1 ) of the 0 th and 
±l st degree diffracted lights is expressed in Equation (9), and the strength distribution 
I m (x, z) = jT| 2 is expressed in Equation (10). 

[0019] 

[Expression 4] 

Wte =[le' fa +^^( e ^ + e - ikm )--ae ikrZ (e ikac -e- ikax )] (Equation 9) 



Inttx z) = ~ + — ycos(kax)»cos{k(].-y)z}+-^ T i(x 2 +(y 2 -a 2 )cos 2 (fccct)}(Equation 10) 
4 7t n 

[0020] 

Here, as a valuation index, a log slope value is considered. This log slope value 
is a differential value when a logarithm of strength I on the boundary of geometrical 
optics contrast is obtained. If this value is large, the image has a high contrast. In 
Equations (5) and (10), the log slope values in the case of TE polarization and TM 
polarization can be calculated. If it is assumed that Z=0 on the best focus surface, the 
log slope value LSrEin the case of TE polarization is obtained from Equation (11), and 
the log slope value LSjm in the case of TM polarization is obtained from Equation (12). 
In addition, the log slope value in a non-polarization state corresponds to an average state 
of the TE polarization and the TM polarization. 

[0021] 

[Expression 5] 

LS m = — (Equation 11) 



LSjb = — * ] \ 2 (Equation 1 2) 

a 1 + 16a In 

[0022] 

In the term related to 4A/a in Equation (12), since the numerator is smaller than 
' and the denominator is larger than "1", it is understood that the value of Equation 
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(12) is smaller than the value of Equation (1 1) as a whole. This indicates that the image 
formed in the case of TE polarization has a log slope value higher than the image formed 
in the case of TM polarization. Also, since a corresponds to the diffraction angle, the 
superiority of the TE polarization is extended as the fine pattern has a higher diffraction 
angle. 

[0023] 

In addition, since the non-polarization state is the average state of the TE 
polarization and the TM polarization, the image formed by the TE polarization has the 
log slope value higher than that of the image formed by the non-polarization, and thus 
has a high contrast. Also, since the polarization and the phase of the light refer to 
independent information, a phase shift mask may be used in the aligner according to the 
present invention, and a much higher improvement of the image forming performance 
can be achieved by properly combining three kinds of information such as amplitude, 
phase and polarization of the light. 

[0024] 

[Embodiments of the Invention] 

FIG. 1 is a view schematically illustrating the construction of an aligner according 
to an embodiment of the present invention. In the drawing, an illumination optical 
system 4 employs a super high voltage mercury lamp or an excimer laser as a light source, 
and emits an exposure light having a wavelength that can sensitize a photoresist used in a 
lithography cycleprocess. 

[0025] 

The photo mask 1 is maintained in a horizontal plane to be transverse to an 
optical axis of an illumination optical system 4. Although the shape of the pattern 
formed on the photo mask 1 is not specially limited, it is exemplified that, for detailed 
explanation, a line-and-space pattern in which an optical transmission part and a light 
shield part such as chrome are alternately repeated is formed, and the pattern is 
extended in a direction that is transverse to the sheet surface. 

[0026] 

On the lower side of the photo mask 1, a projection optical system 2 is arranged, 
and its position in an optical-axis direction is adjusted so that the light source (i.e., 
illumination optical system 4) side focus of the projection optical system 2 is 
approximately in accord with the pattern formed surface of the photo mask 1 . On the 
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pupil surfacepupil plane (strictly, it is not required that the pupil surfacepupil plane is the 
pupil position) of the projection optical system 2, as shown in FIG. 1(b), a polarization 
member 5, which transmits only the light of which the electric vector oscillates in a 
direction of the tangent line of a concentric circle centering around the optical axis (i.e., 
the center of the pupil) of the projection optical system 2, is arranged. 
[0027] 

On the lower side of the projection optical system 2, a wafer stage (not 
illustrated) on which a wafer (not illustrated) is placed is installed, and its position on the 
optical axis is adjusted so that the image forming surface 3 of the projection optical 
system 2 is in accord with the wafer surface. Also, the wafer stage is movable in the 
horizontal surface, and the relative positions of the wafer and the photo mask 1 are 
adjusted using an alignment means (not illustrated) before the exposure operation. 

[0028] 

In the aligner having the above-described construction, if when the photo mask 1 
is transparently illuminated by an exposure light from the illumination optical system 4, 
as shown in FIG. 1(a), a diffracted light that is widened in the left/right direction on the 
sheet from the photo mask 1 is generated. In this stage, the diffracted light is in an 
average state of the TE polarization and the TM polarization, and has no slope in the 
oscillation direction. 

[0029] 

Then, the diffracted light is incident to the projection optical system 2, and then 
reaches the polarization member 5 arranged on the pupil surfacepupil plane. Here, the 
0 th degree diffracted light among the diffracted lights from the photo mask 1 is incident to 
the center of the pupil (i.e., the polarization member 5) of the projection optical system 2 
irrespective of the pattern forming position (whether the pattern is positioned in the 
center part or end part of the illumination region. The diffracted lights of the 0 th degree, 
±l st degree, and so forth, are incident to positions apart from each other for a specified 
distance in a radius direction (i.e., the direction of the pattern arrangement) from the pupil 
center. In the embodiment of the present invention, if the pattern arrangement direction 
is the left/right direction on the sheet, the incident positions of the respective diffracted 
lights to the polarization member 5 are arranged at predetermined intervals on the 
diameter crossing a circle (See FIG. 1(b)) centering around the optical axis of the 
projection optical system 2 in the left/right direction. As described above, since the 
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polarization member 5 transmits only the light of which an electric vector oscillates in a 
direction of the tangent line of a circle centering around the optical axis of the projection 
optical system 2, only the components of the respective diffracted lights of which electric 
vectors oscillate in upward/downward direction of FIG. 1(b) can be transmitted through 
the polarization member 5. 
[0030] 

In this case, the polarization state of the light being transmitted in the center of 
the polarization member 5 as shown in FIG. 1(b) becomes unstable, and thus it is 
preferable to shift the incident position of the 0 th diffracted light from the center of the 
polarization member 5. This can be easily realized by making ring beltannular 
illumination through the shielding of the center part of the light source of the illumination 
optical system 4. That is, by making the ring beltannular illumination, the photo mask 1 
is illuminated in a direction slightly sloping from the vertical direction (i.e., the optical 
axis direction). Since the 0 th diffracted light is incident to a position sloping in a radius 
direction from the center of the polarization member 5 as much as the portion 
corresponding to the slope (at this time, the positions of the other diffracted lights are 
slanted to an outside of the radius direction in the order of their degree, the lights having 
different oscillation directions is prevented from being transmitted through the 
polarization member 5. 

[0031] 

Referring again to FIG. 1(a), the exposure light having passed through the 
polarization member 5 of the projection optical system 2 becomes the TE polarization in 
which the oscillation direction of the electric vector is arranged in the vertical direction 
(i.e., the direction parallel to the sides of the pattern), and an image of the line-and-space 
pattern of the photo mask 1 is formed on the image forming surface 3. By this, the 
transfer of the pattern is performed in a specified position of the wafer maintained on the 
image forming surface 3 . 

[0032] 

In the embodiment of the present invention, the image is formed only by the light 
of which the oscillation direction is arranged as described above, the interference effect 
among the diffracted lights is increased, and thus an image having a high contrast is 
transferred onto the wafer surface. In addition, since the diffraction angle of the 
diffracted light of which the degree is not less than the first degree is increased as the 
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pattern pitch becomes smaller, the contrast of the image deteriorates as much as the 
deviation of the oscillation direction of the TM polarization in the case where the image 
is formed in a non-polarized state (i.e., TE polarization + TM polarization) as in the 
conventional device. However, in the case where the image is formed only by the TE 
polarization as in the embodiment of the present invention, the oscillation direction of the 
electric vector is not changed even if the diffraction angle is changed, and thus a high 
contrast is maintained. That is, by using the aligner having the structure illustrated in 
FIG. 1, a high-contrast image can be obtained although the pitch of the pattern becomes 
very small, and the superiority of the TE polarization against the conventional aligner is 
extended as the fine pattern has a higher diffraction angle. 
[0033] 

For convenience in explanation, it is exemplified that the pattern of the photo 
mask 1 is arranged in the left/right direction on the sheet. However, the high-contrast 
image can be obtained in the same manner even if the arrangement direction differs. 
The aligner according to embodiments of the present invention can cope with all kinds of 
patterns. In other words, although the direction in which the diffracted light is widened 
is changed and the arrangement direction of the incident position of the respective 
diffracted light on the pupil surfacepupil plane of the projection optical system 2 is 
changed (e.g., if the arrangement direction of the pattern is the upward/downward 
direction on the sheet as shown in FIG. 1(b), the incident position of the respective 
diffracted light is arranged on the diameter that crosses the concentric circle as shown in 
FIG. 1(b) in the upward/downward direction) as the arrangement direction of the pattern 
is changed, only the light of which the electric vector oscillates in a direction parallel to 
the sides of the pattern is always transmitted through the polarization member 5 even if 
the pattern is arranged in any direction. 

[0034] 

By contrast, if when the arrangement direction of the pattern is limited in one 
direction, the polarization member 5 (See FIG. 1(b)) of which the oscillation direction of 
the light being transmitted by the position in the direction of the circumference of a circle 
may not be used. In this case, it is preferable to use the polarization member that 
transmits only the light of which the electric vector oscillates in the same direction (i.e., 
the direction parallel to the sides of the pattern) irrespective of the incident position. 
Table 1 below shows the results of obtaining the log slope values of the pattern on the 
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best focus surface obtained in the respective polarization states (e.g., TE polarization, TM 
polarization, and average of TE polarization and TM polarization) from equations 11 and 
12 in a state that the exposure wavelength is A=365nm. As the results from Table 1, it is 
clear that the superiority of the present invention can be exhibited as the fine pattern has a 
higher diffraction angle. For example, in manufacturing a high density integration 
semiconductor device such as 64M DRAM and so on, it can be understood that the 
aligner according to the present invention is quite effective. 
[0035] 



[Table 1] 


Line Width (L/S) 


TE 


TM 


Average 


0.7um 


11.429 


9.938 


10.683 


0.6um 


13.333 


11.045 


12.189 


0.5um 


16.000 


12.250 


14.125 


0.4um 


20.000 


13.307 


16.653 


0.3 p.m 


26.667 


13.229 


19.948 



[0036] 



In the embodiment of the present invention, it is exemplified that the photo mask 
has a pattern formed only by a light shield. However, the aligner according to the 
present invention may be used in combination with a phase shift mask. In addition to a 
space frequency modulation type in which a phase shift member is added to one side of a 
light transparent part through a light shield part, for example, the type disclosed in 
Japanese Patent Laid-open No. Sho 62-50811, diverse types of phase shift masks have 
been proposed, such as a multistage type in which phase member having different widths 
are installed, an auxiliary pattern type in which an auxiliary pattern composed of a phase 
shift member is installed on the periphery of the light shield pattern, an edge emphasis 
type in which a phase shift member is installed on the boundary between a light shield 
part and a light transmission part, a chromeless type in which a pattern is formed only by 
a phase shift member, and so forth. The aligner according to the present invention can 
be combined with any type of phase shift mask. 

[0037] 

Also, in the above description, it is exemplified that a transmission type photo 
mask is used. However, the present invention can also be applied to a case that a 
reflection type photo mask having a reflection member (reflection film) installed on a 
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transparent substrate is used. In the reflection type mask, the image is formed by 
performing an auxiliary lighting of the photo mask and collecting the reflected light from 
the reflection film in an image-forming optical system, and the light transmission part 
and the light reflection part correspond to the dark part and the bright part of the image, 
respectively. However, by installing a polarization member that transmits the light of 
which the electric vector oscillates in a direction parallel to the sides of the pattern on the 
pupil surfacepupil plane of the image-forming optical system, the contrast of the image 
can be heightened in the same manner as the case of using the transmission mask. 

[0038] 
[Effect of the Invention] 

As described above, according to the aligner according to the present invention, 
since the polarization member, which transmits only the light of which the electric vector 
oscillates in a direction parallel to the sides of the pattern to be transferred, is installed on 
the pupil surfacepupil plane of the projection optical system, an image is formed by the 
light of which the oscillation direction of the electric vector is arranged in the same 
direction, the interference among the diffracted lights is increased, and thus a high- 
contrast image can be obtained. 

[0039] 

In addition, according to the present invention, since a fine circuit pattern is 
provided and a high contrast can be maintained even if the diffraction angle of the light 
from the photo mask becomes larger, the superiority of the present invention against the 
conventional aligner can be exhibited as the fine pattern has a higher diffraction angle. 
Also, the aligner according to the present invention can form an image using three kinds 
of information, such as amplitude, phase, and polarization, of the light combined with a 
phase shift mask recently developed, and is very effective in seeking the new 
development of a lithography technology. 

[Brief Description of the Drawings] 

[FIG 1] (a) is a view illustrating the structure of an aligner according to an 
embodiment of the present invention, and (b) is a schematic plan view of a polarization 
member used in the embodiment of the present invention. 

[FIG. 2] (a) and (b) are conceptual views explaining image forming types by TE 
polarization and TM polarization, respectively. 
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[FIG. 3] is a view illustrating the structure of a conventional aligner. 
[Description of Reference Numerals] 

1 Photo Mask 

2 Projection Optical System 

3 Image Forming Surface 

4 Illumination Optical System 

5 Polarization Member 
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[Amendment] 

[Date of submission] June 25, 1999 
[Amendment 1] 

[Document subject to amendment] Specification 
[Item subject to amendment] Title of invention 
[Contents of amendment] 

[Title of invention] Aligner and exposure method thereof 
[Amendment 2] 

[Document subject to amendment] Specification 
[Type of amendment] Modification 
[Contents of amendment] 
[What is claimed is:] 

[Claim 1] An aligner having a projection optical system that projects a pattern 
on a photo mask, the aligner comprising a polarization member, arranged approximately 
on a pupil surfacepupil plane of the projection optical system, for transmitting light of 
which an electric vector oscillates in a direction parallel to sides of the pattern. 

[Claim 2] The aligner of claim 1, wherein the polarization member transmits 
only the light of which the electric vector oscillates in a direction of a tangent line of a 
circle centering around an optical axis of the projection optical system. 

[Claim 3] An exposure method for an aligner having a projection optical system 
that projects a pattern on a photo mask, the exposure method comprising arranging a 
polarization member for transmitting light, of which an electric vector oscillates in a 
direction parallel to sides of the pattern, approximately on a pupil surfacepupil plane of 
the projection optical system, and transferring the pattern onto the photo mask using the 
aligner . 

[Amendment 3] 

[Document subject to amendment] Specification 
[Item subject to amendment] 0004 
[Type of amendment] Modification 
[Contents of amendment] 
[0004] 

However, this phase shift method itself has limitations, and fails to provide a 
satisfactory high-contrast image of the fine pattern. The present invention has been 
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developed in order to substantially solve the above and other problems associated with 
the conventional arrangement. An object of the present invention is to provide an 
aligner which can realize a high-resolution, high-contrast image forming performance 
using third information except for the amplitude and the phase of light and thus can make 
it possible to seek a new development of the photolithography technology, and an 
exposure method which transfers a pattern onto a photo mask using the aligner. 
[Amendment 4] 

[Document subject to amendment] Specification 
[Item subject to amendment] 0006 
[Type of amendment] Modification 
[Contents of amendment] 
[0006] 

Specifically, the polarization member preferably used in the present invention 
transmits only the light of which the electric vector oscillates in a direction of a tangent 
line of a circle centering around an optical axis of the projection optical system. In 
addition, the aligner according to the present invention is provided with a projection 
optical system that projects a pattern onto a photo mask, and in order to solve the above- 
described problems, there is provided an exposure method for the aligner which 
comprises arranging a polarization member for transmitting light, of which an electric 
vector oscillates in a direction parallel to sides of the pattern, approximately on a pupil 
surfacepupil plane of the projection optical system, and transferring the pattern onto the 
photo mask using the aligner. 

[Procedural Amendment Document] 

[Date of Submission] September 9, 1992 

[Procedural Amendment 1 ] 

[Document to be Amended] Specification 

[Item to be Amended] 0003 

[Type of Amendment] Modification 

[Contents of Amendment] 

[0003] 

[Problem to be Solved by the Invention] 



17 



JPH05-090128 



With the conventional aligner as described above, however, it is impossible to 
cope with a fine circuit pattern according to the high density integration of a 
semiconductor device, and there exists a need for the development of technology that 
makes it possible to form a high-contrast image of a fine pattern. As a method for 
heightening the contrast on a pattern, for example, Japanese Patent Laid-open No. S62- 
50811 discloses a phase shift method that performs projection exposure using a phase 
shift mask having a phase shift part installed in a specified place of a light transmission 
part of a photo mask to change the phase of a transmitted light. This phase shift method 
forms a pattern image using phase information of light in addition to amplitude 
information of the light. For example, this phase shift method achieves somewhat 
improvement of the image forming performance in comparison to a method that used a 
photo mask composed of a light transmission part (e.g., naked surface part of a substrate) 
and a light shield part only. 

[Procedural Amendment 2] 

[Document to be Amended] Specification 

[Item to be Amended] 0033 

[Type of Amendment] Modification 

[Contents of Amendment] 

[0033] 

For convenience in explanation, it is exemplified that the pattern of the photo 
mask 1 is arranged in the left/right direction on the sheet. However, the high-contrast 
image can be obtained in the same manner even if the arrangement direction differs. 
The aligner according to embodiments of the present invention can cope with all kinds of 
patterns. In other words, although the direction in which the diffracted light is widened 
is changed and the arrangement direction of the incident position of the respective 
diffracted light on the pupil surfacepupil plane of the projection optical system 2 is 
changed (e.g., if the arrangement direction of the pattern is the upward/downward 
direction on the sheet as shown in FIG. 1(b), the incident position of the respective 
diffracted light is arranged on the diameter that crosses the concentric circle as shown in 
FIG. 1(b) in the upward/downward direction) as the arrangement direction of the pattern 
is changed, only the light of which the electric vector oscillates in a direction parallel to 
the sides of the pattern is always transmitted through the polarization member 5 even if 
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the pattern is arranged in any direction . 

[Procedural Amendment 3] 

[Document to be Amended] Specification 

[Item to be Amended] 0036 

[Type of Amendment] Modification 

[Contents of Amendment] 

[0036] 

In the embodiment of the present invention, it is exemplified that the photo mask 
has a pattern formed only by a light shield. However, the aligner according to the 
present invention may be used in combination with a phase shift mask. In addition to a 
space frequency modulation type in which a phase shift member is added to one side of a 
light transparent part through a light shield part, diverse types of phase shift masks have 
been proposed, such as a multistage type in which phase member having different widths 
are installed, an auxiliary pattern type in which an auxiliary pattern composed of a phase 
shift member is installed on the periphery of the light shield pattern, an edge emphasis 
type in which a phase shift member is installed on the boundary between a light shield 
part and a light transmission part, a chromeless type in which a pattern is formed only by 
a phase shift member, and so forth. The aligner according to the present invention can 
be combined with any type of phase shift mask. 
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[Fig. 3] 
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